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White-light-emitting organic materials are gaining increas-
ing attention in contemporary research owing to their
potential for application in electroluminescent devices and
sensors.[1] In general, white-light-emitting systems are com-
posed of components (single or multiple) that emit either the
three primary (red, green, and blue) or two complementary
colors (e.g. orange and turquoise) to cover the entire visible
spectral window (380–750 nm).[1] The management of energy-
transfer processes within or between the components is
crucial for white-light (WL) emission and is possible by
proper molecular design and by the control of intercompo-
nent interactions in solution or in the solid state.[1] In this
context, supramolecular gels formed by the spontaneous self-
assembly of molecules are privileged media that exhibit
properties both of the solution and of the solid state.[2] The
practical relevance of this approach lies in the ability of the
gel matrix to accommodate the luminescent components as
donors or acceptors of excitation energy; this capacity
ultimately controls the efficiency of the energy-transfer
process.[2c,d] Herein we highlight some examples of chromo-
phore-based gels as scaffolds for the assembly of WL-emitting
soft materials.

A WL-emitting organogel based on the controlled self-
assembly of the energy donor was demonstrated by Ajaya-
ghosh and co-workers.[3a] The difference in molecular packing
of the cholesterol-functionalized oligo(p-phenylene vinylene)
(OPV) donors (Figure 1) in the twisted (compound 1) or
coiled helices (compound 2) influences the migration of the
excitation energy. Because of weak gelation and slow exciton
diffusion, only partial energy transfer (63%) occurred from
the aggregates of 1 to the red-light-emitting acceptor 3 added
as dopant (Figure 1), yielding WL emission (Commission
Internationale de l��clairage, CIE 1931 color coordinates: x =

0.31, y = 0.35; Figure 1a).[3a] Such emission is a combination
of the red output of the acceptor and the blue and green
emission from the monomers and aggregates, respectively, of
the partially quenched donor. In contrast, the strong gelation
and fast exciton diffusion of 2 facilitated efficient energy
transfer (90 %) and led to red emission from the acceptor.[3]

Schenning and co-workers thoroughly designed and
synthesized a series of self-assembling fluorene-based co-
oligomers 4–7 with tunable emission properties (Figure 1).[4]

The mixing of these molecules with different emission colors,
5 (green), 6 (yellow), and 7 (red), into a gel of 4 in
a 0.7 :0.2 :0.1 :4.5 molar ratio (5/6/7/4) resulted in partial
photoinduced energy transfer from the blue-emitting donor
to the acceptors and thus led to a WL-emitting gel.

In an elaborate study, Del Guerzo and co-workers dem-
onstrated the preparation of WL-emitting gel nanofibers and
their characterization by confocal fluorescence microscopy.[5]

For this purpose, they used a blue-emitting gel of 2,3-
bis(decyloxy)anthracene (8 ; Figure 1) as the light-harvesting
scaffold capable of hosting and sensitizing the acceptors. The
green- and red-emitting tetracene-based acceptors 9 and 10
(Figure 1) were specifically designed to display emission in
the low-energy region and to have good luminescence
quantum yields and structural similarities with the donor.
WL emission is obtained through control of the efficiency of
energy transfer from the donor to the acceptors by adjusting
the doping ratio in the coassembled gel. Thus, the addition of
9 (0.012 equiv) and 10 (0.012 equiv) to 8 resulted in WL
emission with the CIE coordinates 0.32, 0.33. Detailed
confocal fluorescence microscopy studies unambiguously
proved that WL emission from the self-assembled nanofibers
(Figure 1b) was due to partial energy transfer from the donor
to the acceptors.[5a] In a separate study, the energy-transfer
processes responsible for color tuning and WL emission were
studied in detail.[5b] With the help of steady-state and time-
resolved emission spectroscopy, the involvement of several
processes was evidenced: 1) direct 8!9 and 8!10 energy
transfer, 2) stepwise 8!9!10 energy transfer, and 3) 8!8
excitation-energy hopping. Clearly, the success of this design
relies on the high-level ordering of molecules in the gel fiber
network to facilitate energy migration in a controlled fashion.

Yi and co-workers reported a WL-emitting supramolec-
ular gel composed of a naphthalimide-based gelator 11
(donor) and a phosphorescent IrIII complex 12 (acceptor;
Figure 2).[6] Morphological analysis showed that 12 formed
nanoparticles that were well-dispersed within the gel matrix
of 11. Luminescence studies showed that, depending on the
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molar ratio of the donor and acceptor, partial quenching of
the blue emission from 11 and orange luminescence from 12
resulted in emission with CIE coordinates in the WL region.
The morphology of the mixed gel and the optical properties of
the donor scaffold and encapsulated acceptor are considered
to be the key factors in controlling the efficiency of the
energy-transfer process. These authors also successfully
demonstrated the usefulness of the WL-emitting gel as
a sensor by exploiting the interaction of cysteine with the
IrIII complex. In the presence of cysteine, the WL-emitting gel
showed a clear spectral shift towards the blue that could be
detected by the naked eye.

Nandi and co-workers extensively investigated the gela-
tion and morphological properties of a hydrogen-bonding
complex of melamine (13) and 6,7-dimethoxy-2,4[1H,3H]-
quinazolinedione (14 ; Figure 2).[7] The blue-emitting gel
formed from 13 + 14 underwent efficient energy transfer to
a doped acceptor, such as riboflavin (15 ; Figure 2) to afford
a green fluorescent gel.[7a] In a recent study, they further
showed that the addition of rhodamine B (16 ; Figure 2) to the
above system tunes the emission towards white (CIE coor-
dinates: 0.31, 0.36).[7b] Thus, a coassembled gel containing
0.5 mol% of 15 and 0.02 mol % of 16 with respect to 13 + 14
showed a broad emission with peaks corresponding to 14, 15,

and 16. This result underpins the occurrence of energy
transfer from 14 to 15, 14 to 16, and 15 to 16.

The photophysical properties of metal complexes make
them attractive for integration in soft materials.[2e] Kim and
Chang utilized this idea to obtain a WL-emitting metallogel
consisting of the TbIII and EuIII phenanthroline complexes 17
and 18 as gelators (Figure 2).[8] The presence of the same kind
of ligand allowed perfect mixing of 17 and 18. At a 19:1 weight
ratio of 17 and 18, WL emission (CIE coordinates: 0.36, 0.30)
was observed as a result of the balancing of ligand-centered
bluish emission by the green and red emissions from TbIII and
EuIII ions, respectively.

In a recent report, Eswaramoorthy, George, and co-
workers described the design of a WL-emitting soft hybrid gel
composed of amine-functionalized organoclay (AC) and
anionic dyes.[9] The donor and acceptor chromophores used
in this study were the blue-emitting coronene tetracarbox-
ylate 19 and sulforhodamine G (20) with yellow fluorescence,
respectively (Figure 2). The mixing of AC and bifunctional 19
in water resulted in extended supramolecular assembly and
gelation. Upon doping with 20, the coassembled gel showed
partial quenching of the fluorescence of 19 along with
emission from 20, indicating transfer of excitation energy.
The highly transparent gel can be coated on any surface owing

Figure 1. Molecular structures of energy-transfer donors and acceptors used for the design of WL-emitting supramolecular gels. a) Photograph of
a WL-emitting gel (1 + 3). b) Fluorescence-intensity confocal microscopy image of a WL-emitting gel (8 + 9 + 10). Images (a) and (b) were
reproduced with permission from Refs. [3a] and [5a], respectively.
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to its thixotropic and soft character (Figure 2). A film thus
prepared displayed pure WL emission (CIE coordinates: 0.33,
0.32) when 0.65 mol% of the acceptor was loaded, which
resulted in 70 % quenching of donor emission. The process-
ability along with the ability to retain the color purity of WL
in the xerogel state makes this approach very promising for
future applications.

By means of fluorescence microscopy, Lu and co-workers
demonstrated an energy-transfer-mediated purplish WL
emission from a coassembled gel composed of a blue-emitting
carbazole gelator and a diaryl diketopyrrolopyrrole deriva-
tive as a dopant.[10]

A temperature-dependent gel–sol transition leading to
WL emission was reported for a system composed of
a bishydroxy OPV derivative and 3.[3b] Upon heating, the
OPV gel assembly broke down into a mixture of monomers
and aggregates, reducing the extent of energy transfer from
the latter to acceptor 3. In a particular temperature range (50–
60 8C), the combination of the blue emission of the monomer,
the sensitized red emission of the acceptor, and the residual
green emission of the aggregates generated WL lumines-
cence. In another study, the color tuning of a hydrogelator
based on a phenylenedivinylenebis(N-octylpyridinium) salt
by the addition of NaBr led to WL emission in solution.[11] By
varying either the temperature or the concentration of NaBr,
the extent of aggregation and the emission properties could
be fine-tuned.

Besides the aforementioned selected methods, many
promising approaches for WL-emitting soft materials based
on supramolecular polymers,[12] vesicles,[13] micelles,[14] organ-
ic[15] and silica[16] nanoparticles, 1D nanostructures,[17] DNA
assemblies,[18] solvent-free liquids,[19] and organic–inorganic
hybrids[20] have been developed in recent years. We have
focused herein on some recent significant developments in
WL-emitting gels. The availability of a variety of chromo-
phores as gelators along with their ease of preparation and
processability can make supramolecular gels technologically
friendly soft materials. However, their use in real devices has
yet to be explored; efficiency and durability are major
constraints to be overcome. In the coming years, we can
expect substantial developments in this direction, with efforts
to make WL-emitting supramolecular gels a truly viable
choice as active materials for optoelectronic devices, partic-
ularly in the lighting-technology sector.
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